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(54) ARRAY ANTENNA MODULE AND WIRELESS COMMUNICATION DEVICE

(57) An array antenna module and a wireless com-
munication device are provided, the array antenna mod-
ule includes a dielectric substrate, at least one transmit-
ting antennaandat least one receivingantenna arranged
adjacent to each other and arranged on the dielectric
substrate, and at least one decoupling element arranged
on the dielectric substrate, at least a part of the decou-
pling element is arranged between the transmitting an-
tenna and the receiving antenna; the decoupling element
includes a first decoupling element and a second decou-
pling element, the first decoupling element is arranged
between the transmitting antenna and the receiving an-
tenna, and arranged closer to the transmitting antenna;
the second decoupling element is arranged between the
transmitting antenna and the receiving antenna, and ar-
ranged closer to the receiving antenna.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Pa-
tent Application No. 202311627036.8 filed on November
29, 2023, in China National Intellectual Property Admin-
istration, the contents of which are incorporated by re-
ference herein.

FIELD

[0002] The subject matter herein generally relates to
antenna technology field, and more particularly to an
array antenna module and a wireless communication
device.

BACKGROUND

[0003] Low-orbit satellite system (LEO) is a large sa-
tellite system composed of multiple satellites that can
process real-time information. The Low-orbit satellites
are also used for communication with mobile terminals
suchasmobilephones, anddue to the loworbital altitude,
mobile terminals using low-orbit satellite communica-
tions have the advantages of short transmission delay
and small path loss. A mobile communication system
composedofmultiple low-orbit satellites canachieve true
global coverage and more effective frequency reuse.
Technologies such as cellular communications, multiple
access, spot beams, and frequency reuse also provide
technical support for the application of low-orbit satellites
in mobile communications. In summary, low-orbit satel-
lites are currently a highly promising mobile communica-
tion system.
[0004] However, in order to reduce an overall area of
the antenna design, the existing array antenna modules
used in low-orbit satellites have a close arrangement
between the transmitting antenna and the receiving an-
tenna. For example, when the distance is less than 0.7
wavelengthof theantennaoperating frequencyband, it is
easy to cause mutual coupling interference problems,
which may lead to a series of problems such as reduced
antenna performance, limited bandwidth, and reduced
efficiency, which is not conducive to the application of
array antenna modules in mobile terminals. When the
distance between the transmitting antenna and the re-
ceiving antenna is too close, for example, when the
distance is less than 0.1 wavelength of the antenna
operating frequency band, seriousmutual coupling inter-
ference problems are likely to occur between the anten-
nas, whichmay cause each antenna in the array antenna
to be unable to operate independently and have difficulty
maintaining stable performance.

SUMMARY OF THE INVENTION

[0005] Theapplicationprovidesanarrayantennamod-

ule and a wireless communication device.
[0006] An array antenna module provided by the pre-
sent application includes a dielectric substrate, at least
one transmitting antenna and at least one receiving
antenna arranged adjacent to each other and arranged
on the dielectric substrate, and at least one decoupling
element arranged on the dielectric substrate, at least a
part of the at least one decoupling element is arranged
between the at least one transmitting antenna and the at
least one receiving antenna, the at least one decoupling
element is configured to improve an isolation between
the at least one transmitting antenna and the at least one
receiving antenna. The at least one decoupling element
includes a first decoupling element and a second decou-
pling element, the first decoupling element is arranged
closer to the at least one transmitting antenna; the sec-
ond decoupling element is arranged closer to the at least
one receiving antenna.
[0007] Further, a length of the first decoupling element
is 0.9 to 1.0wavelength of an operating bandwavelength
of the at least one transmitting antenna, and a length of
the second decoupling element is 0.9 to 1.0 wavelength
of the operating band wavelength of the at least one
receiving antenna.
[0008] Further, the at least one transmitting antenna is
surrounded by the first decoupling element, the at least
one receiving antenna is surrounded by the second
decoupling element.
[0009] Further, the at least one transmitting antenna is
surrounded by two first decoupling elements arranged at
intervals, and the at least one receiving antenna is sur-
rounded by two seconddecoupling elements arranged at
intervals.
[0010] Further, the at least one transmitting antenna is
surrounded by four first decoupling elements arranged at
intervals, the four first decoupling elements are arranged
alternately fromend to end, and the at least one receiving
antenna is surrounded by four second decoupling ele-
ments arranged at intervals, the four second decoupling
elements are arranged alternately from end to end.
[0011] Further, each of the four second decoupling
elements comprises a first section, a second section,
and a third section connected in that order, the first
section and the third section are symmetrically con-
nected to opposite ends of the second section, the sec-
ond section is spaced apart along an edge of the at least
one receiving antenna.
[0012] Further, each of the four first decoupling ele-
ments comprises a fourth section, a fifth section, and a
sixth section connected in that order, the fourth section
and the sixth section are symmetrically connected to
opposite ends of the fifth section, the fifth section is
spaced apart along an edge of the at least one transmit-
ting antenna.
[0013] Further, spacingpositions of every twoadjacent
first decoupling elements are equally spaced along a
circumferential direction of the at least one transmitting
antenna; spacing positions of every two adjacent second
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decoupling elements are equally spaced along a circum-
ferential direction of the at least one receiving antenna.
[0014] Further, the array antenna module further in-
cludes: a plurality of transmitting antennas arranged in
rows, in each rowof theplurality of transmittingantennas,
every two adjacent transmitting antennas spaced apart
by a second predetermined distance; and a plurality of
receiving antennas arranged in rows, in each row of the
plurality of receiving antennas, every two adjacent re-
ceiving antennas spaced apart by a first predetermined
distance, each of the plurality of receiving antenna is
disposed staggered between two of the plurality of trans-
mitting antennas, each row of the plurality of transmitting
antennas and each row of the plurality of receiving an-
tennas are disposed in offset positions to form an array
disposed on the dielectric substrate; each of the plurality
of transmitting antennas is surrounded by the first decou-
pling element, each of the plurality of receiving antennas
is surrounded by the second decoupling element.
[0015] Further, the dielectric substrate comprises a
first substrate to an Nth substrate arranged in stack, N
is apositive integer greater thanor equal to 2, a surfaceof
thefirst substrateaway from theNth substrate is provided
with the at least one transmitting antenna and the at least
one receiving antenna, a surface of the Nth substrate
away from the first substrate is providedwith a grounding
layer.
[0016] A wireless communication device provided by
the present application includes the array antenna mod-
ule.
[0017] The array antenna module provided in the pre-
sent application is provided with at least one first decou-
pling element disposed between at least one transmitting
antenna and at least one receiving antenna, disposed
adjacent to at least one transmitting antenna, and at least
one second decoupling element is disposed between at
least one transmitting antenna and at least one receiving
antenna, disposed adjacent to at least one receiving
antenna. This can effectively reduce the mutual coupling
interference between at least one transmitting antenna
and at least one receiving antenna, ensure the perfor-
mance of at least one transmitting antenna and at least
one receiving antenna, improve stability, and make the
array antenna module suitable for more wireless com-
munication devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Implementations of the present disclosure will
now be described, by way of embodiments, with refer-
ence to the attached figures.

FIG. 1 is a schematic diagram of a unit of array
antenna module according to a first embodiment
of the present application.

FIG. 2 is a schematic diagram of a unit of array
antennamodule according to a second embodiment

of the present application.

FIG. 3 is a schematic diagram of a unit of array
antenna module according to a third embodiment
of the present application.

FIG. 4 is a cross-sectional view of the unit of array
antenna module according to an embodiment of the
present application.

FIG. 5 is a schematic diagram of the array antenna
module according to an embodiment of the present
application.

FIG. 6 is a schematic diagram of the array antenna
module according to another embodiment of the
present application.

FIGS.7A‑7Dareschematicdiagramsof correspond-
ing electric field distribution in different operating
modes of the unit of array antennamodule according
to the embodiment of the present application.

FIGS. 8A‑8B are schematic curve diagrams of cor-
responding return loss and isolation when the array
antennamodule according to the embodiment of the
present application is provided with or without de-
coupling elements.

FIGS. 9A‑9B are schematic curve diagrams of cor-
responding radiation gain when the array antenna
module according to the embodiment of the present
application is providedwith orwithout the decoupling
elements.

FIG. 10 is a schematic curve diagram of correspond-
ing isolation when the unit of array antenna module
according to the embodiment of the present applica-
tion is provided with different decoupling elements.

FIGS. 11A‑11Dare schematic diagrams of the unit of
array antennamodule provided with decoupling ele-
ments with different structures according to the em-
bodiment of the present application.

FIGS. 12A‑12B are schematic curve diagrams of
corresponding isolation when the unit of array an-
tenna module according to the embodiment of the
present application is provided with decoupling ele-
ments with different structures.

FIG. 13 is a schematic curve diagram of correspond-
ing isolation when the unit of array antenna module
according to the embodiment of the present applica-
tion is provided with decoupling elements with dif-
ferent lengths.
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DETAILED DESCRIPTION

[0019] It will be appreciated that for simplicity and
clarity of illustration, where appropriate, reference nu-
merals havebeen repeatedamong thedifferent figures to
indicate corresponding or analogous elements. Addition-
ally, numerous specific details are set forth in order to
provide a thorough understanding of the embodiments
described herein. However, it will be understoodby those
of ordinary skill in the art that the embodiments described
herein can be practiced without these specific details. In
other instances, methods, procedures and components
have not been described in detail so as not to obscure the
related relevant feature being described. The drawings
are not necessarily to scale and the proportions of certain
parts may be exaggerated to better illustrate details and
features. The description is not to be considered as
limiting the scope of the embodiments described herein.
[0020] Several definitions that apply throughout this
disclosure will now be presented.
[0021] The term "coupled" is defined as connected,
whether directly or indirectly through intervening compo-
nents, and is not necessarily limited to physical connec-
tions. The connection can be such that the objects are
permanently connected or releasably connected. The
term "substantially" is defined to be essentially conform-
ing to the particular dimension, shape, or another word
that "substantially" modifies, such that the component
need not be exact. For example, "substantially cylindri-
cal" means that the object resembles a cylinder, but can
have one or more deviations from a true cylinder. The
term "comprising" means "including, but not necessarily
limited to"; it specifically indicates open-ended inclusion
or membership in a so-described combination, group,
series, and the like.
[0022] Low-orbit satellite system (LEO) is a large sa-
tellite system composed of multiple satellites that can
process real-time information. The Low-orbit satellites
are also used for communication with mobile terminals
suchasmobilephones, anddue to the loworbital altitude,
mobile terminals using low-orbit satellite communica-
tions have the advantages of short transmission delay
and small path loss. A mobile communication system
composedofmultiple low-orbit satellites canachieve true
global coverage and more effective frequency reuse.
Technologies such as cellular communications, multiple
access, spot beams, and frequency reuse also provide
technical support for the application of low-orbit satellites
in mobile communications. In summary, low-orbit satel-
lites are currently a highly promising mobile communica-
tion system.
[0023] However, in order to reduce an overall area of
the antenna design, the existing array antenna modules
used in low-orbit satellites have a close arrangement
between the transmitting antenna and the receiving an-
tenna, which is easy to cause mutual coupling interfer-
ence problems, which may lead to a series of problems
such as reduced antenna performance, limited band-

width, and reduced efficiency, which is not conducive
to the application of array antenna modules in mobile
terminals.
[0024] Referring to FIG. 1, the present application
provides a unit 10 of array antenna module 1, which
can be applied in a wireless communication device
(not shown in the figures), to realize wireless commu-
nication of the wireless communication device based on
low-orbit satellites.Thearrayantennamodule1 isused to
transmit or receive wireless signals to achieve wireless
communication.
[0025] Referring toFIG.1again, in someembodiments
of the present application, the unit 10 of array antenna
module 1 includes a dielectric substrate 110, at least one
transmitting antenna 130, at least one receiving antenna
120, at least one first decoupling element 150, and at
least one second decoupling element 140.
[0026] The at least one transmitting antenna 130 and
the at least one receiving antenna 120 are disposed
adjacent to each other and are disposed on the dielectric
substrate 110. The at least one transmitting antenna 130
is used for transmitting wireless signals and has a first
operating frequency band. The at least one receiving
antenna 120 is used for receiving wireless signals and
has a second operating frequency band. In some embo-
diments, since the at least one transmitting antenna 130
and the at least one receiving antenna 120 are disposed
adjacent to each other at a relatively close distance,
mutual coupling interferences may occur when the at
least one transmitting antenna 130 and the at least
one receiving antenna 120 are operating.
[0027] The at least one first decoupling element 150
and the at least one second decoupling element 140 are
disposed on the dielectric substrate 110. The at least one
first decoupling element 150 is disposed between the at
least one transmitting antenna 130 and the at least one
receiving antenna 120 and closes to the at least one
transmitting antenna 130. The at least one second de-
coupling element 140 is disposed between the at least
one transmitting antenna 130 and the at least one receiv-
ing antenna 120 and closes to the at least one receiving
antenna 120. The at least one first decoupling element
150 and the at least one second decoupling element 140
are spaced apart from each other.
[0028] In some embodiments, the at least one first
decoupling element 150 and the at least one second
decoupling element 140 may be metal pieces. The at
least one first decoupling element 150 and the at least
one second decoupling element 140 are arranged be-
tween the at least one transmitting antenna 130 and the
at least one receiving antenna 120, which can isolate
surface current between antennas and achieve decou-
pling effect.
[0029] In some embodiments, a distance D between
the at least one transmitting antenna 130 and the at least
one receiving antenna 120 can be, but is not limited to, 1
millimeter (mm), the at least one transmitting antenna
130 and the at least one receiving antenna 120may easy
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to causemutual coupling interference problems. In some
embodiments, the distance D between the at least one
transmitting antenna 130 and the at least one receiving
antenna 120 is less than 0.7 wavelength of operating
bands thereof, the at least one transmitting antenna 130
and the at least one receiving antenna 120 may easy to
cause mutual coupling interference problems. In other
embodiments, the distance D between the at least one
transmitting antenna 130 and the at least one receiving
antenna 120 is less than 0.1 wavelength of operating
bands thereof, the at least one transmitting antenna 130
and the at least one receiving antenna 120 may easy to
cause serious mutual coupling interference problems.
For instance, a length of the at least one first decoupling
element 150 may be 0.7‑0.8 wavelength, 0.8‑0.9 wave-
length, 0.9‑1.0 wavelength, 1.0‑1.1 wavelength, 1.1‑1.2
wavelength, or 0.7‑1.2 wavelength of the operating band
(that is a first operating band) of the at least one transmit-
ting antenna 130, preferably 0.9‑1.0 wavelength of the
operating band (that is the first operating band) of the at
least one transmitting antenna 130. A length of the at
least oneseconddecouplingelement 140maybe0.7‑0.8
wavelength, 0.8‑0.9 wavelength, 0.9‑1.0 wavelength,
1.0‑1.1 wavelength, 1.1‑1.2 wavelength, or 0.7‑1.2 wa-
velengthof theoperatingband (that is a secondoperating
band) of the at least one receiving antenna 120, prefer-
ably 0.9‑1.0 wavelength of the operating band (that is the
second operating band) of the at least one receiving
antenna120.There isa first separationdistancebetween
the at least one first decoupling element 150 and the at
least one transmitting antenna 130, the first separation
distance may be 0.1‑0.5 millimeters (mm). There is a
second separation distance between the at least one
second decoupling element 140 and the at least one
receiving antenna 120, the second separation distance
may be 0.1‑0.5 millimeters (mm).
[0030] Referring to FIG. 1 again, FIG. 1 illustrates the
unit 10 of array antenna module 1 according to a first
embodiment, the unit 10 of array antenna module 1
includes a dielectric substrate 110, a transmitting anten-
na 130, a receiving antenna 120, four first decoupling
elements 150, and four second decoupling elements
140. It can be understood that an array antenna module
can be combined by a plurality of units 10 of array
antenna module 1 as shown in FIG. 1.
[0031] The four second decoupling elements 140 are
arranged from end to end at intervals and surround the
receiving antenna 120. In some embodiments, the re-
ceiving antenna 120 is substantially circular, and the four
second decoupling elements 140 are spaced apart along
acircumferential direction of the receivingantenna120 to
surround an outer periphery of the receiving antenna
120. In some embodiments, each of the four second
decoupling elements 140 includes a first section 142, a
second section 144, and a third section 146 connected in
that order. Structures of the first section 142 and the third
section 146 are substantially the same, and the first
section 142 and the third section 146 are symmetrically

connected to opposite ends of the second section 144.
Thesecondsection144 is spacedapart along theedgeof
the receiving antenna 120. In some embodiments, the
second section 144 is substantially U-shaped, and an
angle between two end arms and a middle arm is an
obtuse angle, so that the second section 144 fits an arc
edge of the receiving antenna 120. The first section 142
and the third section 146 respectively extend from the
edge adjacent to the receiving antenna 120 in a direction
away from the edge of the receiving antenna 120, that is,
extend outward from the edge adjacent to the receiving
antenna 120. In some embodiments, the first section 142
and the third section 146 are each substantially L-
shaped. One end of each of the first section 142 and
the third section 146 is connected to the ends of the
second section 144 at a position adjacent to the edge
of the receiving antenna 120, and the other end extends
outward and bends towards each other. In someembodi-
ments, the third section 146 is disposed opposite the first
section 142 of the adjacent first decoupling element 150.
[0032] The four first decoupling elements 150 are ar-
ranged from end to end at intervals and surround the
transmitting antenna 130. In some embodiments, the
transmitting antenna 130 is substantially circular, and
the four first decoupling elements 150 are spaced apart
along a circumferential direction of the transmitting an-
tenna 130 to surround an outer periphery of the transmit-
ting antenna 130. In someembodiments, each of the four
first decoupling elements 150 includes a fourth section
152, afifth section154,andasixth section156connected
in that order. Structures of the fourth section 152 and the
sixth section 156 are substantially the same, and the
fourth section 152 and the sixth section 156 are symme-
trically connected to opposite ends of the fifth section
154. The fifth section 154 is spaced apart along the edge
of the transmitting antenna 130. In some embodiments,
the fifth section 154 is substantially U-shaped, and an
angle between two end arms and a middle arm is an
obtuse angle, so that the fifth section 154 fits an arc edge
of the transmitting antenna 130. The fourth section 152
and the sixth section 156 respectively extend from the
edge adjacent to the transmitting antenna 130 towards
closer to the edge of the transmitting antenna 130, that is,
extend inward from the edge adjacent to the transmitting
antenna 130. In some embodiments, the fourth section
152 and the sixth section 156 are each substantially in a
shape of a multi-section bend. One end of each of the
fourth section 152 and the sixth section 156 is respec-
tively connected to the end of the fourth section 152 at a
position adjacent to the edge of the transmitting antenna
130, and the other end extends inward and then bends
toward each other. In some embodiments, the sixth sec-
tion 156 is disposedopposite the fourth section 152of the
adjacent second decoupling element 140.
[0033] In other embodiments, the transmitting antenna
130 and the receiving antenna 120 may also be in other
structures or shapes, such as rectangle, triangle, ellipse,
quadrilateral, etc. It can beunderstood that the structures
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of the transmitting antenna 130, the receiving antenna
120, the first decoupling element 150 and the second
decoupling element 140 in this application are only ex-
emplary descriptions. In someother embodiments, these
structures can be constructed by those skilled in the art
and can be adjusted and exchanged according to actual
needs, and this application does not impose any restric-
tions here. For instance, the structures of the transmitting
antenna 130 and the receiving antenna 120 are ex-
changed, and the structures of the first decoupling ele-
ment 150 and the second decoupling element 140 are
also exchanged.
[0034] Referring to FIG. 2, FIG. 2 illustrates a unit 10 of
array antenna module 1 according to a second embodi-
ment, the unit 10 of array antenna module 1 includes a
dielectric substrate 110, a transmitting antenna 130, a
receiving antenna 120, a first decoupling element 150,
and a second decoupling element 140. It can be under-
stood that an array antenna module can be combined by
a plurality of units 10 of array antennamodule 1 as shown
in FIG. 2. It can be implemented in a specific setting
environment, where the distance between the transmit-
ting antenna 130 and the receiving antenna 120 is ap-
proximately 1 mm, a first spacing distance between the
first decoupling element 150 and the transmitting anten-
na 130 is 0.1 to 0.5 mm, and a second spacing distance
between the second decoupling element 140 and the
receiving antenna 120 is 0.1 to 0.5 mm.
[0035] The first decoupling element 150 surrounds the
transmitting antenna 130. In some embodiments, the
transmitting antenna 130 is substantially circular, the first
decoupling element 150 is substantially circular, and is
arranged at intervals along the circumferential direction
of the transmitting antenna 130 to surround the outer
edge of the transmitting antenna 130.
[0036] The second decoupling element 140 surrounds
the receiving antenna 120. In some embodiments, the
receiving antenna 120 is substantially circular, the sec-
ond decoupling element 140 is substantially circular, and
isarrangedat intervalsalong thecircumferential direction
of the receiving antenna 120 to surround the outer edge
of the receiving antenna 120. It can be understood that
when the transmitting antenna 130 and the receiving
antenna 120 can also be in other shapes, such as a
rectangle, a triangle, an ellipse, a quadrilateral, etc.,
the first decoupling element 150 and the second decou-
plingelement140canalsobe in shapescorresponding to
the transmitting antenna 130 and the receiving antenna
120, respectively, and are respectively arranged along
the outer contours of the transmitting antenna 130 and
the receiving antenna 120.
[0037] Referring to FIG. 3, FIG. 3 illustrates a unit 10 of
arrayantennamodule1according toa third embodiment,
theunit 10 of arrayantennamodule1 includes adielectric
substrate 110, a transmitting antenna 130, a receiving
antenna 120, two first decoupling elements 150, and two
second decoupling elements 140. It can be understood
that the array antenna module 1 shown in FIG. 3 can be

implemented inaspecificsettingenvironment andcanbe
combined by a plurality of the units 10 of array antenna
module1asshown inFIG.3,where thedistancebetween
the transmitting antenna 130 and the receiving antenna
120 is approximately 1 mm, a first spacing distance
between the first decoupling elements 150 and the trans-
mitting antenna 130 is 0.1 to 0.5 mm, and a second
spacing distance between the second decoupling ele-
ments 140 and the receiving antenna 120 is 0.1 to 0.5
mm.
[0038] The two first decoupling elements 150 are ar-
ranged alternately end to end and surround the transmit-
ting antenna130. In someembodiments, the transmitting
antenna 130 is substantially circular, each of the first
decoupling elements 150 is substantially semicircular,
and the twofirst decouplingelements150arearrangedat
intervals along the circumferential direction of the trans-
mitting antenna 130 to surround an outer periphery of the
transmitting antenna 130.
[0039] In some embodiments, interval positions of the
two first decoupling elements 150 are equally spaced
along the circumferential direction of the transmitting
antenna 130. In some embodiments, the interval posi-
tions of the two first decoupling elements 150 are spaced
every 180 degrees along the circumferential direction of
the transmitting antenna 130.
[0040] The two second decoupling elements 140 are
arranged alternately end to end and surround the receiv-
ing antenna 120. In some embodiments, the receiving
antenna 120 is substantially circular, each of the second
decoupling elements 140 is substantially semicircular,
and the two second decoupling elements 140 are ar-
ranged at intervals along the circumferential direction of
the receiving antenna 120 to surround an outer periphery
of the receiving antenna 120.
[0041] In some embodiments, interval positions of the
two second decoupling elements 140 are equally spaced
along the circumferential direction of the receiving an-
tenna 120. In some embodiments, the interval positions
of the two second decoupling elements 140 are spaced
every 180 degrees along the circumferential direction of
the receiving antenna 120.
[0042] Referring to FIG. 4, FIG. 4 is a cross-sectional
viewof theunit 10 of array antennamodule1according to
an embodiment of the present application. It can be
understood that the array antenna module 1 can be
combined by a plurality of the units 10 of array antenna
module1asshown inFIG.4,where thedistancebetween
the transmitting antenna 130 and the receiving antenna
120 is approximately 1 mm, a first spacing distance
between the first decoupling elements 150 and the trans-
mitting antenna 130 is 0.1 to 0.5 mm, and a second
spacing distance between the second decoupling ele-
ments 140 and the receiving antenna 120 is 0.1 to 0.5
mm. In someembodiments, the transmittingantenna130
and the receiving antenna 120 are both fed with current
by direct feeding. For example, in some embodiments,
thedielectric substrate110maybeamulti-layer dielectric
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substrate, including N layers of substrates, where N is a
positive integer greater than or equal to 2, that is, the
dielectric substrate 110 may include a first substrate, ...,
an Nth substrate. In the embodiment, the dielectric sub-
strate 110 includes a first substrate 111, a second sub-
strate 112, a third substrate 113, a fourth substrate 114, a
fifth substrate 115, a sixth substrate 116, a seventh sub-
strate 117, an eighth substrate 118, a ninth substrate 119,
anda tenth substrate 1110arranged in stack.A surfaceof
the first substrate 111 away from the second substrate
112 is provided with the transmitting antenna 130, the
receiving antenna 120, the first decoupling element 150,
and the second decoupling element 140. A surface of the
second substrate 112 away from the first substrate 111 is
providedwithagrounding layerG forprovidinggrounding
for the transmitting antenna 130 and the receiving anten-
na 120. The first substrate 111 is further provided with a
first via hole 1111 and a second via hole 1112. A first feed
line 113 and a second feed line 114 are further provided
between the first substrate 111 and the second substrate
112. Thus, the first feed line 113 can feed current to the
corresponding receiving antenna120 through the first via
hole 1111, so that the receiving antenna 120 excites a
corresponding radiation signal. The second feed line 114
can feed current to the corresponding transmitting an-
tenna 130 through the second via hole 1112, so that the
transmitting antenna 130 excites a corresponding radia-
tion signal.
[0043] In some embodiments, a ground layer G is
provided on a surface of each substrate from the second
substrate 112 to the tenth substrate 1110 away from the
first substrate 111. The unit 10 of array antennamodule 1
further includes a radio frequency (RF) transmitting front-
end module 220 and a radio frequency (RF) receiving
front-end module 210. The radio frequency transmitting
front-end module 220 and the radio frequency receiving
front-end module 210 are respectively provided on a
surface of the first substrate 111 farthest from the tenth
substrate 1110. The second substrate 112 to the tenth
substrate 1110 are further provided with a third via hole
1121 and a fourth via hole 1122. In this way, the RF
receiving front-end module 210 can be connected to
the first feed line 113 through the third via hole 1121,
and then connected to the receiving antenna120 through
the first via hole 1111, so that the RF receiving front-end
module 210 can control the receiving antenna 120. The
RF transmitting front-end module 220 can be connected
to the second feed line 114 through the fourth via hole
1122, and then connected to the transmitting antenna
130 through the second via hole 1112, so that the RF
transmitting front-end module 220 can control the trans-
mitting antenna 130. In some embodiments, the third via
hole 1121 and the fourth via hole 1122 pass through the
second substrate 112 to the tenth substrate 1110 respec-
tively.
[0044] Referring to FIG. 5, FIG. 5 is a schematic dia-
gram of the array antenna module 1 according to an
embodiment of the present application. It can be under-

stood that the array antenna module 1 including a plur-
ality of the units 10of array antennamodule1 as shown in
FIG. 1 to 4 can be implemented in a specific setting
environment, where the distance between the transmit-
ting antenna 130 and the receiving antenna 120 is ap-
proximately 1 mm, a first spacing distance between the
first decoupling elements 150 and the transmitting an-
tenna 130 is 0.1 to 0.5 mm, and a second spacing dis-
tance between the second decoupling elements 140 and
the receiving antenna 120 is 0.1 to 0.5 mm. The differ-
ence between the array antenna module 1 of the embo-
diment shown inFIG.5and thearrayantennamodule1of
the embodiment shown in FIG. 1 is that: the array anten-
na module 1 of FIG. 1 includes a group of transmitting
antenna 130 and receiving antenna 120, and a corre-
sponding group of first decoupling element 150 and
second decoupling element 140; the array antennamod-
ule 1 of FIG. 5 includes multiple groups of transmitting
antenna 130 and receiving antenna 120, and corre-
sponding multiple groups of first decoupling element
150 and second decoupling element 140 for forming
an array antenna.
[0045] Referring to FIG. 5, the array antennamodule 1
includes a plurality of the transmitting antennas 130 ar-
ranged in rows and a plurality of the receiving antennas
120 arranged in rows. In each row of receiving antennas
120, every two adjacent receiving antennas 120 are
spaced apart by a first predetermined distance R1. In
each row of transmitting antennas 130, every two adja-
cent transmitting antennas 130 are spaced apart by a
second predetermined distance R2. And each receiving
antenna 120 is disposed staggered between two trans-
mitting antennas 130. It can be understood that this
application does not limit the size of the first predeter-
mined distance R1 and the second predetermined dis-
tanceR2.Forexample, in oneembodiment of thepresent
application, the first predetermined distance R1 may be
greater than the second predetermined distance R2; in
another embodiment of the present application, the first
predetermined distance R1 may be less than or equal to
the second predetermined distance R2. Those skilled in
the art can make corresponding adjustments to the size
of the first predetermined distance R1 and the size of the
second predetermined distance R2 according to product
size design or radiation frequency adjustment require-
ments.
[0046] The plurality of rows of transmitting antennas
130 and the plurality of rows of receiving antennas 120
are disposed in offset positions to forman array disposed
on the dielectric substrate 110. That is to say, in some
embodiments, each row of transmitting antennas 130
and each row of receiving antennas 120 are alternately
disposed on the dielectric substrate 110. Thus, in the
embodiment of the present application, the transmitting
antennas 130 and the receiving antennas 120 are mixed
and staggered in the same area on the dielectric sub-
strate 110, which can reduce the area of the dielectric
substrate 110 and is conducive to the miniaturization
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design of the array antenna module 1.
[0047] The array antenna module 1 further includes a
plurality of first decoupling elements 150 andaplurality of
second decoupling elements 140. A quantity of the first
decouplingelements 150corresponds toaquantity of the
transmitting antennas 130, and a quantity of the second
decouplingelements 140corresponds toaquantity of the
receiving antennas 120. Each transmit antenna 130 is
surrounded by a corresponding first decoupling element
150, and each receive antenna 120 is surrounded by a
corresponding second decoupling element 140. It can be
understood that the first decoupling element 150 and the
second decoupling element 140 can be a single, two, or
four combinations surrounding the transmitting antenna
130and the receivingantenna120disclosed in theabove
embodiments, which will not be described again here.
[0048] It can be understood that this application does
not specifically limit the shapes and areas of the trans-
mitting antenna 130 and the receiving antenna 120, and
those skilled in the art canmake adjustments as needed.
In some embodiments, the area of the transmit antenna
130 is smaller than the area of the receive antenna 120.
The area of the transmitting antenna 130 is smaller than
the area of the receiving antenna 120, so that the trans-
mitting antenna 130 can transmit a radiation signal with a
higher frequency than the receiving antenna 120. In
another embodiment of the present application, the area
of the transmitting antenna 130 may be larger than the
area of the receiving antenna 120. The area of the
transmitting antenna 130 is larger than the area of the
receiving antenna 120, so that the transmitting antenna
130 can transmit a radiation signalwith a lower frequency
than that of the receiving antenna 120. In another embo-
diment of the present application, the area of the trans-
mitting antenna 130 may be equal to the area of the
receiving antenna 120. The area of the transmitting an-
tenna 130 is equal to the area of the receiving antenna
120, so that the transmitting antenna 130 can transmit
radiation signals of the same frequency as the receiving
antenna 120. And the transmitting antenna 130 and the
receiving antenna 120 can also be conductors in other
shapes, such as ellipse, rectangle, etc.
[0049] It can be understood that this application does
not limit the size of the first predetermined distance R1
and the second predetermined distance R2. In some
embodiments, the first predetermined distance R1 and
the second predetermined distance R2 may be equal or
unequal.
[0050] Referring to FIGS. 5 and 6, the array antenna
module 1 shown in FIG. 5 includes 32*32 transmitting
antennas 130 and 32*32 receiving antennas 120. The
array antenna module 1 shown in FIG. 6 includes 2*2
transmitting antennas 130 and 2*2 receiving antennas
120. It can be understood that those skilled in the art can
set and adjust the array antenna module 1 according to
actual needs, such as a 4*4 or 32*32 transmitting anten-
nas 130 and 4*4 or 32*32 receiving antennas 120, etc.
This will not be repeated here. It can be understood that

the array antenna module 1 shown in FIGS. 5 and 6 can
be implemented in a specific setting environment, where
the distance between the transmitting antenna 130 and
the receiving antenna 120 is approximately 1 mm, a first
spacing distance between the first decoupling elements
150 and the transmitting antenna 130 is 0.1 to 0.5 mm,
and a second spacing distance between the second
decoupling elements 140 and the receiving antenna
120 is 0.1 to 0.5 mm.
[0051] Referring to FIGS. 7A to 7D, FIGS. 7A to 7D are
schematic diagrams of corresponding electric field dis-
tribution in different operating modes of the unit 10 of
array antenna module 1 according to the embodiment of
the present application. FIG. 7A shows the electric field
distribution when the transmitting antenna 130 and the
receiving antenna 120 are respectively surrounded by
the first decoupling element 150 and the second decou-
pling element 140, the transmitting antenna 130 is turned
on and the receiving antenna 120 is turned off. FIG. 7B
shows the electric field distribution when the transmitting
antenna 130 and the receiving antenna 120 are respec-
tively surroundedby the first decoupling element 150and
the second decoupling element 140, the transmitting
antenna 130 is turned off and the receiving antenna
120 is turned on. FIG. 7C shows the electric field dis-
tribution when the transmitting antenna 130 and the
receiving antenna 120 do not surrounded by the first
decoupling element 150 and the second decoupling ele-
ment 140, the transmitting antenna 130 is turned on and
the receiving antenna 120 is turned off. FIG. 7D shows
the electric field distribution when the transmitting anten-
na 130 and the receiving antenna 120 do not surrounded
by the first decoupling element 150 and the second
decoupling element 140, the transmitting antenna 130
is turned off and the receiving antenna 120 is turned on. It
can be concluded from the electric field distribution sche-
matic diagrams of FIGS. 7A to 7D that when the first
decoupling element 150 and the second decoupling ele-
ment 140 are included, the electric field energy distribu-
tion is concentrated on the transmitting antenna 130 and
the receiving antenna 120, and the mutual interference
effect is minimal. When the first decoupling element 150
and the second decoupling element 140 are excluded,
the electric field energy distributions of the transmitting
antenna 130 and the receiving antenna 120will couple to
each other. It can be understood that the array antenna
module 1 can be combined by a plurality of the units 10 of
array antennamodule 1 as shown in FIGS. 7A to 7D. The
distance between the transmitting antenna 130 and the
receiving antenna 120 is approximately 1 mm, a first
spacing distance between the first decoupling elements
150 and the transmitting antenna 130 is 0.1 to 0.5 mm,
and a second spacing distance between the second
decoupling elements 140 and the receiving antenna
120 is 0.1 to 0.5 mm. More specifically, in FIGS. 7A to
7D, the first spacing distance between the first decou-
pling element 150 and the transmit antenna 130 is 0.1
mm, and the second spacing distance between the sec-
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ond decoupling element 140 and the receive antenna
120 is 0.1 mm.
[0052] Referring to FIGS. 8A and 8B, FIGS. 8A and 8B
are schematic curve diagrams of corresponding return
loss and isolation when the array antenna module 1
according to the embodiment of the present application
is providedwith or without the decoupling elements. FIG.
8A shows the curves of scattering parameters (S-para-
meter) and isolation in predetermined operating fre-
quency bands when the transmitting antenna 130 and
the receiving antenna 120 do not surrounded by the first
decoupling element 150 and the second decoupling ele-
ment 140. Curve S81 is a S-parameter curve of the
transmitting antenna 130, curve S82 is a S-parameter
curve of the receiving antenna 120, and curve S83 is an
isolation curve of the transmitting antenna 130 and the
receiving antenna 120.
[0053] FIG. 8B shows the curves of scattering para-
meters (S-parameter) and isolation in predetermined
operating frequency bands when the transmitting anten-
na 130 and the receiving antenna 120 are respectively
surrounded by the first decoupling element 150 and the
second decoupling element 140. Curve S84 is a S-para-
meter curve of the transmitting antenna 130, curveS85 is
a S-parameter curve of the receiving antenna 120, and
curve S86 is an isolation curve of the transmitting anten-
na 130 and the receiving antenna 120. It can be con-
cluded from the isolation curve diagramsof FIGS. 8Aand
8B that when the transmitting antenna 130 and the re-
ceiving antenna 120 are respectively surrounded by the
first decoupling element 150 and the second decoupling
element 140, and in the predetermined operating fre-
quency band (for example, in the low-orbit satellite Ku
Band transmitting frequency band (14.0 GHz‑14.5GHz),
the isolation between the transmitting antenna 130 and
the receiving antenna 120 is increased by approximately
10 decibels (dB). It can be understood that the array
antenna module 1 shown in FIGS. 8A and 8B can be
implemented in a specific setting environment, where the
distance between the transmitting antenna 130 and the
receiving antenna 120 is approximately 1 mm, a first
spacing distance between the first decoupling elements
150 and the transmitting antenna 130 is 0.1 to 0.5 mm,
and a second spacing distance between the second
decoupling elements 140 and the receiving antenna
120 is 0.1 to 0.5 mm. More specifically, in FIGS. 8A to
8D, the first spacing distance between the first decou-
pling element 150 and the transmit antenna 130 is 0.1
mm, and the second spacing distance between the sec-
ond decoupling element 140 and the receive antenna
120 is 0.1 mm.
[0054] Referring to FIGS. 9A and 9B, FIGS. 9A‑9B are
schematic curve diagrams of corresponding radiation
gain when the array antenna module 1 according to
the embodiment of the present application is provided
with or without the decoupling elements. FIG. 9A is a
schematic curve diagram of the radiation gain corre-
sponding to the predetermined receiving frequency band

when the array antenna module 1 provided by the em-
bodiment of the present application is provided with the
decoupling elements or not. Curve S91 is a curve corre-
sponding to the radiation gain of the receiving antenna
120 in thepredetermined receiving frequencyband (such
as the low-orbit satellite Ku Band receiving frequency
band, 10.7 GHz‑12.7 GHz) when the first decoupling
element 150 and the second decoupling element 140
are not included. Curve S92 is a curve corresponding to
the radiation gain of the receiving antenna 120 in the
predetermined receiving frequency band (such as the
low-orbit satellite Ku Band receiving frequency band,
10.7 GHz‑12.7 GHz) when the transmitting antenna
130 and the receiving antenna 120 are respectively
surrounded by the first decoupling element 150 and
the second decoupling element 140. FIG. 9B is a sche-
matic diagram of the radiation gain corresponding to the
predetermined receiving frequency band when the array
antenna module 1 provided by the embodiment of the
present application is provided with the decoupling ele-
ments or not. Curve S93 is a curve of the radiation gain
corresponding to the transmitting antenna 130 in the
predetermined transmitting frequency band (such as
the low-orbit satellite Ku Band transmitting frequency
band, 14.0 GHz‑14.5 GHz) when the first decoupling
element 150 and the second decoupling element 140
are not included. Curve S94 is a curve of the radiation
gain corresponding to the transmitting antenna 130 in the
predetermined transmitting frequency band (such as the
low-orbit satellite Ku Band transmitting frequency band,
14.0 GHz‑14.5 GHz) when the transmitting antenna 130
and the receiving antenna 120 are respectively sur-
rounded by the first decoupling element 150 and the
second decoupling element 140. It can be concluded
from the schematic diagrams of the radiation gain curves
of FIGS. 9A and 9B that when the transmitting antenna
130 and the receiving antenna 120 are respectively
surrounded by the first decoupling element 150 and
the second decoupling element 140, and in the prede-
termined operating frequency band (for example, the
low-orbiting satellite Ku Band transmitting frequency
band, 14.0 GHz‑14.5 GHz), the radiation gain of the
transmitting antenna 130 is increased by approximately
2‑3 decibels (dB), while in the predetermined operating
frequency band (such as the low-orbiting satellite Ku
Band receiving frequency band, 10.7 GHz‑12.7 GHz ),
the radiation gain of the receiving antenna 120 has a
slight impact. It can be understood that the array antenna
module 1 shown in FIGS. 9A and 9B can be implemented
in a specific setting environment, where the distance
between the transmitting antenna 130 and the receiving
antenna 120 is approximately 1 mm, a first spacing
distance between the first decoupling elements 150
and the transmitting antenna 130 is 0.1 to 0.5 mm, and
a second spacing distance between the second decou-
pling elements 140 and the receiving antenna 120 is 0.1
to 0.5 mm. More specifically, in FIGS. 9A to 9D, the first
spacing distance between the first decoupling element
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150 and the transmit antenna 130 is 0.1 mm, and the
second spacing distance between the second decou-
plingelement140and the receiveantenna120 is0.1mm.
[0055] FIG. 10 is a schematic curve diagram of corre-
sponding isolation when the unit 10 of array antenna
module 1 according to the embodiment of the present
application is provided with different decoupling ele-
ments. Curve S101 is an isolation curve when the trans-
mitting antenna 130 and the receiving antenna 120 are
not surrounded by the first decoupling element 150 and
the second decoupling element 140. Curve S102 is an
isolation curve when the transmitting antenna 130 and
the receiving antenna 120 shown in FIG. 2 are respec-
tively surrounded by one decoupling element or single
decoupling element. Curve S103 is an isolation curve
when the transmitting antenna 130 and the receiving
antenna120shown inFIG.3are respectively surrounded
by two decoupling elements. If the first decoupling ele-
ment 150 is provided, the first spacing distance between
the first decoupling element 150 and the transmitting
antenna 130 is 0.1 to 0.5 millimeters; if the second
decoupling element 140 is provided, the second spacing
distance between the second decoupling element 140
and the receiving antenna 120 is 0.1 to 0.5 millimeters. It
can be seen from the schematic diagram of the isolation
curves in FIG. 10 that arranging one or more decoupling
elements around the transmitting antenna 130 and the
receiving antenna 120 can achieve a certain decoupling
effect between the transmitting antenna 130 and the
receiving antenna 120.
[0056] FIGS. 11A to11Dare schematic diagramsof the
unit 10 of array antenna module 1 provided with decou-
pling elements with different structures according to the
embodiment of the present application. Referring to
FIGS. 11A and 11B, decoupling element 161 is disposed
between the transmitting antenna 130 and the receiving
antenna 120. FIG. 11A shows a single decoupling ele-
ment 161, and FIG. 11B shows decoupling elements
161A and 161B arranged at intervals. In some embodi-
ments, decoupling elements 161A and 161B are respec-
tively substantially in a shape of rectangular metal sec-
tions of different lengths, the decoupling element 161A
can be the second decoupling element, disposed closer
to the receiving antenna 120, and a length of the decou-
pling element 161A is 0.9 to 1.0 wavelength of the oper-
ating frequency band (for example, the second operating
frequency band) wavelength of the receiving antenna
120, and has a relatively longer length in the embodiment
ofFIG.11B.Thedecouplingelement161Bcanbe thefirst
decoupling element, disposed closer to the transmitting
antenna 130, and a length of the decoupling element
161B is 0.9 to 1.0 wavelength of the operating frequency
band (for example, the first operating frequency band) of
the transmitting antenna 130, and has a relatively shorter
length in the embodiment of FIG. 11B. Referring to FIG.
11C, the receiving antenna 120 is surrounded by a sec-
ond decoupling element 162, the transmitting antenna
130 is surrounded by a first decoupling element 163. In

some embodiments, a structure of the second decou-
pling element 162 is substantially similar to a structure of
the first decoupling element 150 shown in FIG. 1, and a
structure of the first decoupling element 163 is substan-
tially similar to the structure of the second decoupling
element 140 shown in FIG. 1, that is, the structures of the
second decoupling element 162 and the first decoupling
element 163shown inFIG. 11Care interchangedwith the
structures of the first decoupling element 150 and the
second decoupling element 140 shown in FIG. 1. Refer-
ring to FIG. 11D, the transmitting antenna 130 is sur-
rounded by a first decoupling element 165 and the re-
ceiving antenna 120 is surrounded by a second decou-
pling element 164. In some embodiments, the first de-
coupling element 165 and the second decoupling ele-
ment 164 are substantially composed of four rectangular
metal plates, which are spaced apart along the periphery
of the transmitting antenna 130 and the receiving anten-
na 120 respectively. It can be understood that the first
decoupling element 165 or the second decoupling ele-
ment 164 is positioned between the transmitting antenna
130 and the receiving antenna 120. It can be understood
that an array antenna module 1 can be combined by a
plurality of the units 10 of array antenna module 1 as
shown in FIGS. 11A to 11D. It can be implemented in a
specific setting environment, where the distance be-
tween the transmitting antenna 130 and the receiving
antenna 120 is approximately 1 mm, a first spacing
distance between the first decoupling elements 150
and the transmitting antenna 130 is 0.1 to 0.5 mm, and
a second spacing distance between the second decou-
pling elements 140 and the receiving antenna 120 is 0.1
to 0.5 mm.
[0057] FIGS. 12A and 12B are schematic curve dia-
grams of corresponding isolation when the unit 10 of
array antenna module 1 according to the embodiment
of the present application is provided with decoupling
elements with different structures. FIG. 12A shows the
isolation between the transmitting antenna 130 and the
receiving antenna 120 when the unit 10 of array antenna
module 1 is provided with the first decoupling element
150 and the second decoupling element 140 as shown in
FIG. 1. The isolation can be less than ‑20dB. FIG. 12B
shows the isolation between the transmitting antenna
130 and the receiving antenna 120 when the unit 10 of
array antenna module 1 is provided with the first decou-
pling element 150 and the second decoupling element
140 as shown in FIG. 1 of different shapes. The isolation
can be less than ‑15dB. Compared with the shape of the
second decoupling element 140 shown in FIG. 1, the first
section 142 and the third section 146 of the second
decoupling element shown in FIG. 12B respectively ex-
tend from the edge adjacent to the receiving antenna 120
towards the edge closer to the receiving antenna 120,
that is, extending inwardly from the edge adjacent to the
receiving antenna 120. Due to the different shapes of the
second decoupling element 140 in FIGS. 12A and 12B,
the isolation characteristics between the transmitting
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antenna 130 and the receiving antenna 120 can produce
adifferenceofabout5‑10dB. It canbeunderstood thatan
array antennamodule 1 can be combined by a plurality of
the units 10 of array antennamodule 1 as shown in FIGS.
12A and 12B. It can be implemented in a specific setting
environment, where the distance between the transmit-
ting antenna 130 and the receiving antenna 120 is ap-
proximately 1 mm, a first spacing distance between the
first decoupling elements 150 and the transmitting an-
tenna 130 is 0.1 to 0.5 mm, and a second spacing dis-
tance between the second decoupling elements 140 and
the receiving antenna 120 is 0.1 to 0.5 mm. More speci-
fically, in FIGS. 12A and 12B, the first spacing distance
between the first decoupling element 150 and the trans-
mit antenna 130 is 0.1 mm, and the second spacing
distance between the second decoupling element 140
and the receive antenna 120 is 0.1 mm.
[0058] FIG. 13 is a schematic curve diagram of corre-
sponding isolation when the unit 10 of array antenna
module 1 according to the embodiment of the present
application is provided with decoupling elements with
different lengths. Curve S132 is an isolation when the
length of the decoupling element of the unit 10 of array
antenna module 1 is set to 1.0 wavelength of the operat-
ing band wavelength of the transmitting antenna and the
receiving antenna, it can be seen that under this arrange-
ment, the isolation in the low-orbit satellite Ku Band
transmitting frequency band 14‑14.5 GHz is less than
‑20 dB. Curve S132 is an isolation when the length of the
decoupling element of the unit 10 of array antenna mod-
ule 1 is set to 1.2 wavelength of the operating band
wavelength of the transmitting antenna and the receiving
antenna, it can be seen that under this arrangement, the
isolation in the low-orbit satellite Ku Band transmitting
frequency band 14‑14.5 GHz is less than ‑15 dB. Curve
S136 is an isolation when the length of the decoupling
element of the unit 10 of array antenna module 1 is set to
0.8 wavelength of the operating band wavelength of the
transmitting antenna and the receiving antenna, it can be
seen that in this configuration, the isolation in the low-
orbit satellite Ku Band transmitting frequency band
14‑14.5 GHz is less than ‑10 dB. It can be understood
that an array antenna module 1 can be combined by a
plurality of the units 10 of array antenna module 1 as
shown in FIG. 13. It can be implemented in a specific
setting environment, where the distance between the
transmitting antenna 130 and the receiving antenna
120 is approximately 1 mm, a first spacing distance
between the first decoupling elements 150 and the trans-
mitting antenna 130 is 0.1 to 0.5 mm, and a second
spacing distance between the second decoupling ele-
ments 140 and the receiving antenna 120 is 0.1 to 0.5
mm. More specifically, in FIG. 13, the first spacing dis-
tance between the first decoupling element 150 and the
transmit antenna 130 is 0.1 mm, and the second spacing
distance between the second decoupling element 140
and the receive antenna 120 is 0.1 mm. It can be known
that, in the situation of the first spacing distance between

the first decoupling elements and the transmitting anten-
na is 0.1 to 0.5 mm, and the second spacing distance
between the second decoupling elements and the re-
ceiving antenna is 0.1 to 0.5 mm, and when the length of
thedecouplingelement is set to0.9‑1.0wavelengthof the
operating band wavelength of the transmitting antenna
and the receiving antenna, the isolation corresponding to
the low-orbit satellite Ku Band transmission band 14‑14.
5GHz is better (see curve S132 in FIG. 13).
[0059] The array antenna module 1 of the present
application is provided with a plurality of first decoupling
elements 150 between a plurality of transmitting anten-
nas 130 and a plurality of receiving antennas 120, and
arranged closer to the plurality of transmitting antennas
130, a plurality of second decoupling elements 140 be-
tween the plurality of transmitting antennas 130 and the
plurality of receiving antennas 120, and arranged closer
to the plurality of receiving antennas 120, which can
effectively reduce the mutual coupling interference be-
tween the plurality of transmitting antennas 130 and
receiving antennas 120, ensure the performance of the
plurality of transmitting antennas 130 and receiving an-
tennas 120, improve stability, and make the array anten-
na module 1 suitable for more wireless communication
devices.
[0060] The embodiments shown and described above
are only examples. Even though numerous characteris-
tics andadvantagesof the present technologyhavebeen
set forth in the foregoingdescription, togetherwith details
of the structureand function of thepresent disclosure, the
disclosure is illustrative only, and changes may be made
in the detail, including in matters of shape, size and
arrangement of the parts within the principles of the
present disclosure, up to and including the full extent
established by the broad general meaning of the terms
used in the claims.

Claims

1. An array antenna module (1) comprising:

a dielectric substrate (110);
at least one transmitting antenna (130) and at
least one receiving antenna (120) arranged ad-
jacent to each other and arranged on the di-
electric substrate (110); and
at least onedecoupling element arrangedon the
dielectric substrate (110), at least a part of the at
least one decoupling element arranged be-
tween the at least one transmitting antenna
(130) and the at least one receiving antenna
(120), the at least one decoupling element con-
figured to improve an isolation between the at
least one transmitting antenna (130) and the at
least one receiving antenna (120);
wherein the at least one decoupling element
comprises a first decoupling element (150,
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163, 165) and a second decoupling element
(140, 162, 164), the first decoupling element
(150, 163, 165) is arranged closer to the at least
one transmitting antenna (130); the second de-
coupling element (140, 162, 164) is arranged
closer to the at least one receiving antenna
(120).

2. The array antenna module (1) of claim 1, wherein a
length of the first decoupling element (150, 163, 165)
is 0.9 to 1.0 wavelength of an operating band wave-
length of the at least one transmitting antenna (130),
and a length of the second decoupling element (140,
162, 164) is 0.9 to 1.0 wavelength of the operating
band wavelength of the at least one receiving anten-
na (120).

3. Thearray antennamodule (1) of claim1,wherein the
at least one transmittingantenna (130) is surrounded
by the first decouplingelement (150, 163, 165), theat
least one receiving antenna (120) is surrounded by
the second decoupling element (140, 162, 164).

4. Thearray antennamodule (1) of claim1,wherein the
at least one transmittingantenna (130) is surrounded
by two first decoupling elements (150, 163, 165)
arranged at intervals, and the at least one receiving
antenna (120) is surrounded by two second decou-
pling elements (140, 162, 164) arranged at intervals.

5. Thearray antennamodule (1) of claim1,wherein the
at least one transmittingantenna (130) is surrounded
by four first decoupling elements (150, 163, 165)
arranged at intervals, the four first decoupling ele-
ments (150, 163, 165) are arranged alternately from
end to end, and the at least one receiving antenna
(120) is surrounded by four second decoupling ele-
ments (140, 162, 164) arranged at intervals, the four
second decoupling elements (140, 162, 164) are
arranged alternately from end to end.

6. The array antenna module (1) of claim 5, wherein
each of the four second decoupling elements (140,
162, 164) comprises a first section (142), a second
section (144), and a third section (146) connected in
that order, the first section (142) and the third section
(146) are symmetrically connected to opposite ends
of thesecondsection (144), thesecondsection (144)
is spaced apart along an edge of the at least one
receiving antenna (120).

7. The array antenna module (1) of claim 5, wherein
each of the four first decoupling elements (150, 163,
165) comprises a fourth section (152), a fifth section
(154), and a sixth section (156) connected in that
order, the fourth section (152) and the sixth section
(156) are symmetrically connected to opposite ends
of the fifth section (154), the fifth section (154) is

spaced apart along an edge of the at least one
transmitting antenna (130).

8. The array antenna module (1) of claim 5, wherein
spacing positions of every two adjacent first decou-
pling elements (150, 163, 165) are equally spaced
along a circumferential direction of the at least one
transmitting antenna (130);
spacing positions of every two adjacent second de-
coupling elements (140, 162, 164) are equally
spaced along a circumferential direction of the at
least one receiving antenna (120).

9. The array antenna module (1) of claim 1, further
comprising:

a plurality of transmitting antennas (130) ar-
ranged in rows, in each row of the plurality of
transmitting antennas (130), every two adjacent
transmitting antennas (130) spaced apart by a
second predetermined distance; and
a plurality of receiving antennas (120) arranged
in rows, in each row of the plurality of receiving
antennas (120), every two adjacent receiving
antennas (120) spaced apart by a first prede-
termineddistance, eachof theplurality of receiv-
ing antenna (120) is disposed staggered be-
tween two of the plurality of transmitting anten-
nas (130),
wherein each row of the plurality of transmitting
antennas (130) and each row of the plurality of
receiving antennas (120) are disposed in offset
positions to form an array disposed on the di-
electric substrate (110);
each of the plurality of transmitting antennas
(130) is surrounded by the first decoupling ele-
ment (150, 163, 165), each of the plurality of
receiving antennas (120) is surrounded by the
second decoupling element (140, 162, 164).

10. Thearray antennamodule (1) of claim1,wherein the
dielectric substrate (110) comprises a first substrate
(111) to an Nth substrate arranged in stack, N is a
positive integer greater than or equal to 2, a surface
of the first substrate (111) away from the Nth sub-
strate is provided with the at least one transmitting
antenna (130) and theat least one receiving antenna
(120), a surface of the Nth substrate away from the
first substrate (111) is provided with a grounding
layer (G).

11. A wireless communication device comprising the
array antenna module (1) according to any one of
claims 1 to 10.

5

10

15

20

25

30

35

40

45

50

55



13

EP 4 564 600 A1



14

EP 4 564 600 A1



15

EP 4 564 600 A1



16

EP 4 564 600 A1



17

EP 4 564 600 A1



18

EP 4 564 600 A1



19

EP 4 564 600 A1



20

EP 4 564 600 A1



21

EP 4 564 600 A1



22

EP 4 564 600 A1



23

EP 4 564 600 A1



24

EP 4 564 600 A1



25

EP 4 564 600 A1

5

10

15

20

25

30

35

40

45

50

55



26

EP 4 564 600 A1

5

10

15

20

25

30

35

40

45

50

55



27

EP 4 564 600 A1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• CN 202311627036 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

